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This non-provisional application claims priority xrnder 35 U.S.C. 
§ 119(a) on the Patent Application No. 2003-98980 filed in Japan on 
April 2, 2003, and also on the other Patent Application No. 2004-48940 
filed on February 25, 2004, the entire contents of which are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention* 

[0002] The present invention relates to a color filter usable for a 
display device such as a Hquid crystal display, a display device using 
the color filter, and the method for manufeicturing the color filter and 
the display device. 

Description of the Prior Art- 

[0003] In recent years, because of outstanding features in. terms of 
hght weight, thin configuration, low power consumption, drivability 
with a low voltage, and the least physical influence on human body, 
practically applicable range of the liquid crystal display (this will 
merely be referred to as an LCD hereinafter) device has quickly been 
expanded. In particular, appHcable field of the color LCD devices has 
sharply been expanded as the one most compatible with the updated 
color display for personal computers and also for a wide variety of those 
sophisticated apparatuses compatible with multi-media in trend. 
[0004] In the field of a yariety of color LCD display devices 
practically being available for various uses in the industrial field, 
according to the classification in terms of the display mode and the 
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driving method, the one belonging to the "active matrix" type (this will 
merely be referred to as AM hereinafter) applying the twisted nematic 
(TN) mode and another one belonging to the "multiplex" type applying 
the "super twisted nematic CSTN)" mode dominantly share the trend 
respectively. In addition, a wide variety of LCD drivii^ methods have 
also been proposed, thereby promoting production of the color LCD 
display devices among the concerned industries based on the 
diversified display modes and driving methods. 

[0005] The above-cited LCD modes "TN" and "STN" individually 
share the identical principles in the field of color display. Concretely, 
individual pixels are spht into a number of dots correspondii^ to thriee 
primary colors. Next, by way of properly controlling voltage added to 
an LCD layer in each of the spht dots, Mght permeability per dot is 
properly controlled. As a result, a certain color synthesized from 
individual three primary colors having controlled light permeabihty 
becomes a specific color to be displayed in the corresponding pixel. 
Normally, the three primary colors are red (R), green (G), and blue CB). 
Even in the case of adopting other driving methods, the principles of 
color display remains in common with each other, in other words, in 
common with the above-cited TN and STN modes. 
[0006] ti order to enable one of the three primary colors 
correspondii^ to an individual dot to selectively permeate through it, a 
color filter (CF) is apphed. The color filter is disposed on a surface 
dicing the hquid crystal layer of one of the two substrates made of glass 
and constituting the LCD. In the active matrix (AM) type LCD, 
generally, the color filter is disposed on the surfeice of an opposite 
substrate devoid of the provision of thin-film transistors (TFT) or 
diodes (MIM). In the case of the LCD based on the above-dted "super 
twisted nematic (STN)", the color filter is provided on either of a pair of 
stripe-form substrates. 
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[0007] Constituents of the LCD are described below, 
[l] Constitution of the color fQter*- 

A certain number of colored layers each colored with one of the 
three primary colors (Et, G, and B) are formed on the color filter CF. 
Further, in order to shield light, a black matrix BM is formed on the 
gaps between each of the colored layers, on those portions requiring 
prevention of light fixim leakage and also on the margin of the display 
area. 

[0008] There is a general method for fbrmii^ colored layers and a 
black matrix BM by initially fbrmii^ the black matrix on a glass 
substrate followed by a step of forming colored layers on the black 
matrix. As another method, initially, colored layers are formed on a 
glass substrate, and then, a black matrix is formed so as to bury gaps 
between the colored layers. 

[0009] Then, after completir^ formation of the colored layers and the 
black matrix, there is such a case in which an over-coatu^ layer OC is 
formed on the colored layers and the black matrix so as to fiilly level off 
the surface of the color filter. Nevertheless, additional provision of 
the over-coating layer obhges the coating process to incur much load 
and poor yield, thereby causing the process for manufacturing the color 
filter to result in the substantial increase of production cost. From the 
standpoint of mass production of color filters, it is preferred that the 
process for forming the above-dted over-coating layer be deleted by all 
means. 

[OOlO] In the following step, in order to drive the LCD display device, 
transparent electrodes are formed on those layers laminated on the 
glass substrate. The transparent electrodes are constituted with a 
compound of indium tin oxide (JTO). In the case of forming a TFT 
incorporated LCD display device, ITO patterns are formed all over the 
surface of the LCD display device. In the case of forming the 
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above-referred diode incorporated LCD display device or the LCD 
display device based on the "super twisted nematic (STN)*' mode, stripe 
patterns are formed in common with each other. 
[0011] 

[2] Constitution of the black matrix- 
lb constitute a black matrix, metallic material such as chromium 
or black resinous material is used. When metallic material is used, 
because of toxicity of chromium, apphcation of nickel and tungsten 
formed into a dual-layer constitution mainly prevails recently. In this 
constitution, a nickel layer is disposed on the display side, whereas a 
tungsten layer incorporating an extremely high reflection factor is 
disposed on the part of array. It is essential that the material of the 
black matrix be provided with a minimum of approximately 3 of optical 
density (CD) value in consideration of hght shielding effect. In order 
to secure the required optical density, in the case of applying metaUic 
chromium, a minimimi of approximately O.l^im of film thickness is 
required. In the case of applying black resinous material, a Tninimum 
of 1 to 2^m of film thickness is required. 

[0012] In recent years, relative to a market tendency in which 
metallic tantalum element thus far mainly used for composing thin 
film transistors and diodes has become rarely procurable and quite 
expensive, practical use of aluminum increasingly prevails because of 
its low resistance value, inexpensive cost, and high reflection factor. 
However, due to miiltiple reflections caused by alimiinum and the 
material of the black matrix which has an extremely high reflection 
factor, divergence is caused in characteristics. Tb cope with this 
problem, it is urged to lower the reflection factor of the black matrix on 
the part of the color filter, and in response, there is a progress in the 
arrangement for lowering the reflection factor of the black matrix since. 
\^ewing firam proper characteristics, it is desirable to use black 
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resinous material for composing black matrix so as to meet the 
demaad for lowerii^ reflection facbar of black matrix. In contrast 
with 60% of the reflection factor of metallic chromiimi, the reflection 
factor of black resinous material is merely 1 to 3%. Further, reflection 
spectrum of black resinous material is less dependent on the 
wave-length, and yet, exhibits neutral black shade. On the other 
hand, black resinous film is composed with 1 to 2^m of substantial 
thickness, and thus, it is likely that this thickness could adversely 
affect the levehiess of the surface of the color filter as a potential 
problem. 

[0013] In order to lower the reflection feictor, there is another 
method of applying black matrix composed of a laminate of a 
chromiimi-oxide layer and a metallic chromiimi layer or a laminate of 
a nickel layer and a tungsten layer. However, in. this case, compared 
to the black matrices composed of black resinous material, either of the 
above laminate layers exhibits a reflection factor of 3 to 5%, whidh is 
higher than that of the black resinous material, and yet, instead of 
neutral black shade, the above laminate layers contain bluish purple 
shade as another problem. Further, normally, metallic double layers 
are processed via a sputtering method in the course of forming films, 
and thus, this process causes the productive efi&ciencg^ to be lowered to 
result in the rise of production cost as another disadvantageous 
problem. 
[0014] 

[3] Method offorming resinous black matrices: 

There are a variety of practical methods for forming black 
matrices with black resinous material on a glass substrate. Typical 
examples are cited below. 
[0015] 
[Method 1] 
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First, a glass substrate is superficially coated with negative light 
sensitive black resinous material so as to form a thin film thereon. 
This process can be implemented by coating the substrate surface with 
the black resinous material via a spin coater, or by adhering a piece of 
black resist material previously formed into a film onto the surface of 
the glass substrate, or by applying cascaded coating processes. Next, 
the surface of the glass substrate is irradiated with UV rays via photo- 
masks having a predetermined black-matrix pattern to cause the 
exposed portion of the black resinous material to be hardened. Then, 
by removii^ unexposed portions of the black resinous material via a 
developing process, black matrices are thus formed eventually 
[0016] 
[Method 2] 

First, as was performed for the method 1, negative light-sensitive 
uncolored resinous material is spread over the surface of a glass 
substrate so as to form a thin film. Next, as was performed for the 
method 1, the resinous film is exposed and developed so as to shape 
pattern of the original black matrix. Next, the pattern formed portion 
is colored with black shade by applying a non-electrolj^ic plating 
method or a dyeing method for example. 
[0017] 
[Methods] 

First, as was performed for the method 1, black resinous material 
compatible with a developing process is spread over the surface of a 
glass substrate. Next, positive photo-resist pattern is formed on the 
surface of the material, and then, as was performed for the method 1, 
exposing and developing processes are serially executed. In the 
course of the developing process, photo-resist and black resinous 
materials are jointly removed. Next, by applyii^ a thermal treatment, 
the black resinous material is cross-linked and hardened. Finally, 
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imexposed resist component is removed. 
[0018] 

[4] Formation of colored layers^ 

First, colored pigment is dispersed into resinous material in 
advance. Then, the resinous material containing dispersed pigment is 
spread over the surface of a glass substrate so as to form a thin film, 
hi the next step, the thin film is patterned into a predetermined form 
by applying a photo-hthographic method (this will be referred to as the 
"pigment dispersion method" in the followii^ description). Colored 
layers can also be formed by applying any of those methods including 
the following: a method which initially spreads Ught-sensitive resinous 
material over the surfeice of a glass substrate so as to form a thin film 
and pattern the film into a predetermined form and then colors the 
patterned film- a method which imtiaUy causes color pigment to be 
dispersed into resinous material and then prints the colored resinous 
material into a predetermined pattern on the siuface of a glass 
substrate (this will be referred to as the "printing method" in the 
following description): a method which initially causes p^ment and 
resinous material to be jointly dispersed in solution and then forms a 
predetermined pattern on a glass substrate via an electro-deposition 
process- a method which previously forms colored resist material into a 
thin film and then bond the colored thin film onto the surface of a glass 
substrate (this method is called the "dry film lamination (DFL)" - and a 
coloring method by appljdng an ink-jet colorir^ system. Since the 
object of the present invention is to overcome those problems existing 
in the DFL method, the following description will solely refer to the 
DFL method. 

[0019] In the course of forming colored layers by applying the DFL 
method, it is so airai^ed that, initially, a thermal treatment is apphed 
to a glass substrate patterned with the resinous black matrix material, 
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and then, thermally adheres pasting material cx)nsistii^ of film-form 
colored layers stripped of a cover film on one side. This processing 
step is called a laminating process. FIG. 1 schematically exemplifies 
the laminating process, in which the reference niuneral 1 represents a 
pasting roUer, 2 a pasting material, and 3 represents a glass substrate. 
In the laminating process, as shown via an arrowed symbol A, the 
pasting roller 1 is shifted in one direction. Next, the other side cover 
film (not shown) on the colored layers is stripped oft Then, the 
colored layers are subject to an e^osing process by applying a 
collective e3cposure mask or a stepper system, and then, oi^anic 
components are removed via a post-exposing process. Finally, the 
colored layers are treated with a post-bakir^ process. 
[0020] Even when forming the black matrix resinous material via 
the pasting process performed in the method 1, the laminating process 
shown in FIG. 1 is introduced. In this case, resinous black matrix 
material prepared in the film form is used to function as the pastii^ 
material 2. 

[0021] Normally, when manufacturing the color filter based on the 
above-referred DFL (dry film lamination) method, formation of the 
resinous black matrix material is preceded by the formation of the 
colored layers comprising a red layer, a blue layer, and a green layer. 
This sequence prevents foaming fi:om being generated at the interface 
between the glass substrate, the resinous bladk matrix material, and 
the colored layers. The cavise of the foaming wiU be described later on. 
When inserting the resinous black matrix material into the gap 
between individual colored layers, such a method is applied, wliich 
causes the back surface of resinous black matrix material to be exposed 
to harden. As described earher, at least a minimimi of the value 3 is 
required for the optical density. Further, inasmuch as users strongly 
demand in recent years that back-light luminance be enhanced 
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furthermore, in order to enable the black matrix to properly shield 
hght, it is desired to further secure rehable material capable of 
providing a TninirmiTn of the value 4 of optical density. 
[CX322] However, when causing the resinous black matrix material 
to be exposed firam the back side to harden, unless the available 
material contains a minimum of the value 4 of optical density and 
reduces he^ht difference from the colored layers, disorder in 
orientation wiU be observed at the junction between the resinous black 
matrix material and the colored layers. Principles of the observable 
orientation disorder are shown FIG. 2, in which the reference nimieral 
3 represents a glass substrate, 4 a source wiring installed in the TPIfe, 
5 an insiilating film , 6 a pixel electrode, 7, a hquid crystal layer, 8a, 8b, 
8c are respectively a colored layer each being colored with different 
colors, and 12 represents resinous black matrix material having a 
certain number of stripe-form openings, through which the above 
colored layers 8a, .8b, and 8c with a striped formation are respectively 
e3^sed. As shown in flG. 2, when a user's eyes incline firam the 
direction perpendicular to the LCD screen, user can observe plural 
portions beneath the resinous black matrix material 12 via the lateral 
surfaces of the colored layers 8a, 8b, and 8c. Disordered orientation 
appears in these portions 9. 

[0023] Tb compensate for this faulty phenomenon, as in the case of 
applyu^ the "pigment dispersion method" cited above, when forming 
the colored layers 8 after formation of the resinous black matrix 
material 12, the color layers 8 are superposed on part of the resinous 
black matrix material 12 to cause the black matrix portion to be 
concealed totally, thereby correcting the disordered orientation. FIG. 
3 exemplifies the principles for preventing users from observing the 
disordered orientation by way of implementing the above method. 
Since the resinous black matrix material overlaps the edges of the 
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colored layers 8a, 8b, and 8c, the user will no longer observe the 
portions 9 via lateral surfaces of the colored layers 8a, 8b, and 8c, 
thereby fuUy conceahi^ the disordered orientation by means of the 
resinous black matrix material 12 and the source wirii^ 4 on the array 
side. 

[0024] Accx)rding to the previous invention duly disclosed in the 
Japanese Laid-Open Patent Application No. H09- 105809, in order to 
prevent levekiess from being lost by the swoUen portion of the colored 
layers 8 on the resinous black matrix material 12 in the course of 
forming the colored layers 8 by applying the above-referred "pigment 
dispersion method", it is so arranged that, by providing edge of the 
mask regulating external shape of the colored layers with fine 
waveforms, the rise of the edge of the colored layer 8 is gradual. 
[0025] On the other hand, when applying the above DFL (dry film 
lamination) method, as shown in FIG. 1, the pasting material for 
constituting the colored layers is adhered in one direction by operating 
a pasting roller 1, when the pasting material 2 overleaps waU of the 
resinous back matrix material (not shown), foaming is apt to be 
generated at the interfece between the substrate 3, the resinous black 
matrix material, and the pastir^ material 2. The aspect related to the 
generation of foaming is shown in FIG. 4, in which foaming 11 is 
generated at the interface between a side surface on the upstream side 
of the pasting direction A of the resinous black matrix material 12, the 
upper surface of the substrate 3, and at the bottom surface of the 
pastil^ material 2. Once the foaming 11 has ever been generated, the 
pasting material 2, i.e., the colored layers 8 complete with patteming 
via exposiH-e and development, are discolored, thus resulting in the 
degraded quahty of the produced image. 

SUMMARY OF THE INVENTION 
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[0026] In the light of the above problems, the present inventioii has 
been achieved. A main object of the present invention is to provide a 
method of manuGacturii^ a color fQter hardly causing colored layers 8 
to be subject to discoloration at local portions close to the resinous black 
matrix material 12 despite of a simple method includii^ a step of 
initially forming resinous black matrix material 12 and an ensuing 
step of pasting colored layers 8. Another object of the present 
invention is to further provide a color filter hardly causing (X)lored 
layers 8 to be subject to discoloration at local portions dose to the 
resinous black matrix material 12. A still ftirther object of the present 
iavention is to provide a display device incorporating the color filter 
manufectured by implementing the method described above. 
[0027] lb achieve the above objects, according to one aspect of the 
present invention, a method for feibricating a color filter by bonding a 
colored film on a substrate having a resin black matrix formed thereon 
includes the step of. forming beforehand a height difference in the resin 
black matrix so that an edge portion of the resin black matrix located 
on the upstream side with respect to the direction in which the colored 
film is bonded is made lower than the other portion of the resin black 
matrix. 

[0028] According to this method, when the colored film overleaps an 
edgie of the resinous blads: matrix material, it is possible to induce 
atmospheric air fi!X)m the sur&ice of the substrate to the upper portion 
of the edge of the resinous black matrix material, thereby preventii^ 
foaming phenomenon fix)m being generated at the interface between 
the substrate, the resinous black matrix material, and the colored film, 
or making it possible to lower the occurrence of the fnaming 
phenomenon. Even if the foaming has been generated at the interface 
between them, inasmuch as the height of the edge portion of the 
resinous black matrix material is lower than that of other portions, 
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only a negligible amount of the foaming will be generated, and further, 
even the discoloration may be generated within a very narrow range. 
[0029] Advisably, the resin black matrix is formed of a negative 
resist by a process involving exposure through openings formed in a 
mask followed by post- development, and a plurality of minute 
openings are formed in the portion of the mask correspondii^ to the 
edge portion of the resin black matrix so that the edge portion of the 
resia black matrix is thereby made lower than the other portion 
thereof Introduction of this method enables formation of satisfiactory 
edge portion quite easily. 

[0030] According to another aspect of the present invention, in a 
color filter provided with a substrate, a resin black matrix formed on 
the substrate and having an opening, and a colored film laid so as to 
cover from over the portion of the substrate located inside the opening 
of the resia black matrix to over the resia black matrix, an edge portion 
of the resin black matrix located along the opening and under the 
colored film is made lower than the portion of the resin black matrix 
contiguous with the edge portion. This color filter can be 
manufactured by applying the above-specified method. Accordingly, it 
is possible to prevent discoloration from beiag generated otherwise 
caused by occurrence of foamiog phenomenon. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0031] The above and further objects and features of the present 
invention will more fiilly be understood from the following description, 
taken in conjunction with the preferred embodiments with reference to 
the accompanying drawings in which; 

FIG. 1 is a schematic cross-sectional view of a lamiaatiog process 
based on the DFL (dry film lamination) method; 

FIG. 2 is a cross-sectional view schematically illustrating the 



12 



principles of why disordered orientation is observed when a resinous 
black matrix has been formed after forming colored layers based on the 
DFL method; 

FIG. 3 is a cross-sectional view schematically iUustratii^ the 
principles of how disordered orientation is prevented from being 
observed when colored layers have been formed after forming a 
resinous black matrix based on the DFL system; 

FIG. 4 is a cross-sectional view schematically illustrating the 
principles of causii^ foaming phenomenon to be generated at the gap 
between the substrate, the resinous black matrix, and the colored 
layers in the course of forming the colored layers after forming the 
resinous black matrix based on the DFL method; 

FIG. 5 is a cross-sectional view schematically iUustratu^ the 
principles of suppressing generation of foaming phenomenon at the 
gap between the substrate, the resinous black matrix, and the colored 
films, effectuated by the present invention; 

FIG. 6A to FIG. 6G schematically illustrate serial processes for 
manufacturii^ a color filter according to one of practical forms for 
implementing the present invention; 

FIG. 7A to FIG. 7G schematically illustrate serial processes for 
manufacturing a color filter according to another practical form for 
implementing the present invention; 

FIG. 8A to FIG. 8G schematically illustrate serial processes for 
manufacturing a color filter according to another practical form for 
implementing the present inventioi^ 

FIG. 9A to FIG. 9G schematically illustrate serial processes for 
manufacturing a color filter according to a stiQ further practical form 
for implementing the present invention; 

FIG. lOA and FIG. lOB schematically illustrate a plan view and a 
cross-sectional view, respectively, of the completed form of a color filter 
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secured by implementing an embodiment of the present invention; 

FIG. IIA and FIG. IIB illustrate schematic views of specific 
constitutions of LCD devices incorporating a color filter secured by 
implementing an embodiment of the present invention; 

FIG. 12A and FIG. 12B illustrate schematic views of other specific 
constitutions of LCD devices incorporating a color filter secured by 
implementing an embodiment of the present invention; 

FIG. 13A and FIG. 13B illustrate a plan view and a 
cross-sectional view, respectively, ifor schematically showing the 
completed form of a color filter secured by implementing an 
embodiment of the present invention, which incorporates a resinous 
black matrix in the peripheral portions and inside of pixels; 

FIG. 14A and FIG. 14B schematically illustrate specific 
constitutions of LCD devices incorporating the color filter shown in 
FIG. 13Aand 13B; 

FIG. 15A and FIG. 15B schematically illustrate a plan view and a 
cross-sectional view, respectively, of a color filter secured by 
implementing the present invention, in which edges with a height 
lower than that of other portions of the resinous blads matrix are 
disposed on both sides thereof; and 

FIG. 16A and FIG. 16B schematically illustrate specific 
constitutions of LCD devices incorporatii^ the color filter shown in 
FIG. ISAand 15B. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0032] FIG. 5 schematically illustrate the principles for causing 
foaming phenomenon to be prevented fi:om being generated at the 
interface between the substrate, the resinous black matrix, and the 
colored film as previously arrai^ed by the present invention. As is 
dear firam the comparison between the conventional system shown in 
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FIG. 4 and the inventive system shown in PIG. 5, by way of lowering 
the height of an edge portion 13 of the resinous black matrix 12 than 
that of other portions, compared to the case in which height difference 
does not exist, it is imderstood that foaming can hardly occur when a 
height difference is provided in the resinous black matrix 12. 
According to the inventive system shown in FIG. 5, it is possible to 
guide a foam 11 about to be generated on a substrate 3 to a portion 
right above the edge 13 of the resinous black matrix 12. Note that the 
foam 11 led onto the edge portion 13 of the resinous black matrix 12 
does not generate adverse influence over the peripheral portions. 
[0033] Referring now to the accompan3riDg drawings, practical 
forms for implementing the present invention are described below. 

Serial processes for manufacturing a color filter are individually 
shown in FIG. 6Ato 6G, FIG. 7Ato 7G, FIG. 8Ato 8G, and FIG. 9Ato 
9G. Of these, FIG. 6A to FIG. 9A respectively represent a state in 
which a resinous black matrix 121 is provided with a mask 14. FTG, 
6B to FIG. 9B respectively represent a state in which the resinous 
black matrix 121 has been patterned. FIG. 6D to FIG. 9D respectively 
represent a state in which the patteming-completed resinous black 
matrix material 121 is baked into the resinous black matrix 12 having 
differential height. FIG. 6F to FIG. 9F respectively represent a plan 
view adhered with a colored layer 8. FIG. 6C to FIG. 9C, FIG. 6E to 
FIG. 9E, and FIG. 6G to FIG. 9G, respectively represent cross-sectional 
views taken on line B to B' shown in FIG. 6B to FIG. 9B, FIG. 6D to Fig. 
9D, and FIG. 6F to FIG. 9F. 

[0034] The resinovis black matrix material 121 was prepared by 
applying a product of Fuji Fihn Co., Ltd., called KUl. The resinous 
black matrix material KXJl was pasted onto the sxirface of a glass 
substrate 3 at 1.3 m/min. of bonding speed at 100°C of substrate 
temperature and 130°C of the pasting roller temperature. Insofer as 
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no problem can be generated in the adhesive strength, the resinous 
black matrix material 12 may be subject to an optional temperature for 
performing a thermal treatment. Further, any resinous black matrix 
material may also be used. 

[0035] After completing adhesion of the resinous black matrix 
material 121 onto the surfeice of the glass substrate 3 having 680mm x 
880mm x 0.6mm of own dimension, the resinous black matrix material 
121 is patterned by applying any of the four kinds of mask 14 shown in 
FIG. 6Ato FIG. 9A 

[0036] In FIG. 6A, a mask 14 is provided for exposing imexposed 
resinous black matrix material 121 (used for composii^ a coating film 
required for forming a resinous black matrix prior to an exposing 
process) consistu^ of negative-type hght-sensitive black resinous 
material, where openings 15 are individually designed so as to form a 
plurahty of circular dots each havii^ 4(im of diameter, and yet, the 
mask 14 is patterned with 4^m of intervals between individual dots. 
In FIG. lA, each of the openings constitutes a circular dot having 4fim 
of diameter, where individual dots are disposed across 2^m and 4\xm. of 
intervals in the mask. In FIG. 8A each of the openings 15 consists of 
a square dot having 4|im of length per side, where each of the square 
openings is disposed across 4)mi of intervals in the mask. In FIG. 9, 
each of the openings 15 consists of a square dot having 4^m of len^h 
per side, where the square openings are individually disposed acax)ss 
2^m and 4]nn. of intervals in the mask. 

[0037] In any of the above examples shown in FIG. 6Ato FIG. 9A, it 
was arrai^ed to draw the mask 14 in conformity with the designed 
mask openings via vapor-phase deposition of chromium on the surface 
of a glass substrate having 800mm x 920mm x 10mm of dimension. 
Further, by providing 150(im of gap between the mask and the glass 
substrate, the resinous black matrix material (curable via exposure to I 
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rays) was exposed via irradiation with a lamp emitting GHI rays. 
Then, individual patterns were processed with lOOmJ of exposed 
volume and via immersion into developing solution containing oi^anic 
alkaline developing solution PD, CD, and SD, a product of Fuji Film 
Co., Ltd, so that, as shown in FIG. 6B to FIG. 9B, dot patterns 123 
were formed on the exposed resinous material 122 at the positions 
near those portions that would become stripe-form openings. Further, 
the dot patterns 123 were melted by baking resinous material 122 so 
as to biuy the gap between all the dot patterns, thereby completing 
formation of the edge portions 13 having a height lower than that of 
other portions as shown in FIG. 6D to FIG. 9D. 

[0038] It was confirmed via observation against the resinous black 
matrix material that an evenly thin edge portion 13 was eventually 
secured. It was confirmed that those portions other than the edge 
portion 13 of the resinous black matrix material 12 had 1.4^mi of 
height, whereas it was found that the height of the edge portion 13 
decreased to O.Sfim by substantially one hal£ thus eventually secured a 
height difference as measured firam the substrate. The fact 
representing that the height position of the edge portion 13 is lower 
than that of other portions means that the height from the base portion 
of the edge portion 13 of the resinous black matrix material 12 up to 
the surfece is actually lower than the height &om the base portion of 
other portions of the resinous black matrix material 12 up to the 
sur&ce. In other words, thidmess of the edge portion 13 of the 
resinous black matrix material is thumer than that of other portions. 
[0039] As shown in FIG. 7A and FIG. 9A, by way of varying the 
intervals between individual dots (openings 15) and the magnitude of 
the open dots per location in the mask 14, formation of the edge portion 
13 of the resinous black matrix material 12 can be implemented more 
easily. 
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[0040] Next, as shown in FIG. 6F to FIG. 9F, based on the DFL (dry 
film lamination) method, film -form pasting materials individually 
containing various colors were bonded onto a substrate accommodating 
the resinous black matrix 12 shown in FIG. 6D to nG. 9D securing 
satisfeictory height difference. Colored films were also bonded to the 
substrate under the same condition as was applied to the bonding of 
the resinous black matrix 12 onto the identical substrate. Eadi of the 
colored films contained colored layers having l.Sjim of the finish-up 
film thickness. After closely observing the completed color filter added 
with colored films, it was confirmed that no foaming was generated. 
The completed form of the color filter is shown in FIG. lOA and lOB. 
FIG. lOA shows a plan view, whereas FTG. lOB shows a cross-sectional 
view taken on line C to C shown in FIG. IDA. The reference nvuneral 
151 represents opening of the resinous black matrix 12. 
[0041] Constitutions of LCD devices incorporating the above-referred 
color filter are schematically shown in FIG. IIA and IIB. FIG. IIA 
presents an example of applying a number of plastic beads 18 for 
securing thickness of a liquid crystal layer 7. FIG. IB presents an 
example of adhering a plurality of pillars 18a to an orientation film 17 
on the part of an opposite transparent electrode 16 so as to secure 
thickness of the liquid crystal layer 7. Note that the reference 
numeral 5 represents an insulating film, 6 represents a pixel electrode, 
10 represents a gate wiring, and 19 represents an interlayer insulating 
film. 

[0042] It is also possible to dispose the color filter on the array side, 
that is, between the hquid crystal layer 7 and TFTs. This example is 
shown in FIG. 12A and FIG. 12B. 

[0043] In the above-mentioned examples, he^ht of the edge portion 
13 of the resinous black matrix 12 was designed to be O.Sjim. It is 
preferred that the height of the edge portion 13 be a mininrnTn of 
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O.Sjmi and a maximimi of l^In. By providii^ the edge portion 13 with 
the recommended height value, it is possible to effectively prevent 
foaming from being generated, and yet, it is also possible to prevent the 
edge portion 13 of the resinous black matrix 12 from excessively being 
thinned. 

[0044] Further, it is also preferred that, by arranging the sharing 
ratio of the openings 15 against the total area of the mask 14 to be a 
minimum of 25% and a maximum of 50%, width of the edge portion 13 
of the resinous black matrix 12 shall also share a miniTrmTn of 25% and 
a maximum of 50% against total width of the resinous black matnx 12. 
This arrangement prevents the edge portion 13 of the resinous black 
matrix 12 from incidentally dissolving pattern in conjunction with 
other portions. 

[0045] Not only the above-cited circular form or square form, but 
the practical form of minute openii^s 15 formed in mask may also be 
of elliptic form or polygonal form except for the square form, or any 
form close to them. 

[0046] Not only against tiiose portions in the periphery of pixels, 
but the present invention is also apphcable to cope with over-ride 
phenomenon of colors inside of pixels. For example, as shown in FIG. 
13A and FIG. 13B, in the case in which a discrete portion of the black 
matrix fuUy surroimded by other portions of the black matrices (fully 
dissociated from other portions) exists, as in the case of peripheral 
black matrix, when a color film rides over this portion of the black 
matrix, foaming occurs. Tb cope with this, by way of arranging to 
previously reduce the height of the edge portion 13 of this discrete 
portion of the black matrix 12 to be thinner than other portions and 
then paste the colored layer 8 by appl5dng the DFL method, it is 
possible to prevent foamii^ phenomenon from occurrence. FIG. 14A 
and 14B schematically exemplify the constitutions of the LCD devices 
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incorporating the color filter shown in FIG. 13A and 13B. 
[0047] In the above embodiments, it is so arrai^ed that only the 
edge portion 13 on one side of the resinous black matrix 12 is lowered 
than other portions. However, as shown in FIG. 15A and 15B, it is 
also allowable to lower edges 13 on both sides to be lower than other 
portions. By implementing this arrangement, not only in one 
direction, i.e., in the arrowed direction A, but it is also possible to paste 
the colored layers 8 in the inverse direction indicated by the other 
arrowed Une A. In consequence, even when disposing the substrate 3 
loaded with the resinous black matrix 12 in the direction inverse firam 
a laminating unit, it is possible to prevent foaming Goom occurrence, 
and further, improve the yield rate. Further, it is no longer necessary 
to regulate the installing direction of the substrate 3 at a specific 
direction, thus promotir^ efficiency of the laminating process. 
Constitutions of the inventive LCD devices incorporating the color 
filter exemplified in FIG. 15A and 15B is schematically shown in FIG. 
16Aandl6B. 

[0048] This specification has exemplified the LCD device as an 
apphcable object of the present invention. However, the color filter 
secured by implementing the above- described manufacturing method 
related to the present invention is also compatibly apphcable to other 
display devices differing in the display principles such as a plasma 
display device for example. 

[0049] As is apparent from the above description, the present 
invention may also be implemented by way of adding a variety of 
modifications or changes within the scope without divergii^ from the 
essentials as defined in the following Claims and further without 
necessarily being bound by the contents of the above description. 
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